Trophoblastic cells of the placenta enter the maternal circulation and can be isolated there along with their specific mRNAs (1, 2 ) . Increased concentrations of mRNA for corticotropin-releasing hormone, which is synthesized in the placenta, are seen in the blood of patients affected by preeclampsia (3 ) , and panels of mRNAs (4 ) can be used to test for a disease of interest. The mRNA concentration in blood may vary with intracellular expression and with the number of trophoblastic cells per unit of blood expressing that specific mRNA. We hypothesize that pregnancies affected by a threatened abortion, but with a viable embryo, exhibit lower concentrations of mRNA for the placenta-expressed gene PLAC1 because of possible underlying delayed or abnormal placental growth at the time of maternal blood collection.
We studied 10 pregnant women admitted for a threatened abortion at Ͻ20 weeks of gestation (threatened abortion group). The study was approved by our local ethics committee, and all patients gave informed consent. All fetuses with abnormal karyotypes and pregnant women with preeclampsia; pre-or postterm delivery; uterine pathology such as myomas or malformations; placenta abruptio, loss to follow-up; and a vaginal or cervical lesion visualized on clinical examination that could explain the vaginal bleeding were excluded from the study. We also excluded those women who had vaginal bleeding and a subsequent miscarriage because villus destruction, apoptosis, and embryo death could increase the number of circulating placental cells and nucleic acids in the maternal blood, as could abnormal fetal karyotype, fetal malformation, and abnormal maternal immune response. Placental abruption observed later in the pregnancy was also excluded as a possible source of feto-maternal hemorrhage. During hospitalization, all were maintained at complete bed rest, and routine ultrasound examinations and endocrine (␤-hCG) evaluation were carried out. We also studied 66 normal pregnancies as controls. All blood tests were performed 1-2 days after the first occurrence of bleeding.
Peripheral blood samples (500 L) were collected in tubes containing EDTA and processed within 1 h. We added an equal volume of phosphate-buffered saline (???) and a double volume of Lysis Reagent (Applied Biosystems) to a final volume of 2 mL. The Lysis Reagent is part of the Starter Kit protocol and is needed to lyse the sample and to protect the free nucleic acids from degradation.
The samples were stored at Ϫ20°C until further processing.
We extracted total RNA with the reagents and disposable Starter Kit for the ABI PRISM 6100 Nucleic Acid Prep Station (Applied Biosystems), with a final volume of 100 L. We included an additional step with Absolute RNA Wash Solution, which is designed to remove contaminating DNA and PCR-inhibitory substances from purified RNA. This solution is able to directly remove background DNA in situ from immobilized RNA on the purification tray during the standard protocol developed by Applied Biosystems. After a brief incubation, subsequent wash steps remove the reagent.
Reverse transcription was performed by use of the High-Capacity cDNA Archive Kit (Applied Biosystems) according to the manufacturer's protocol. The whole sample of total RNA (50 L) from peripheral blood was reverse-transcribed in a final volume of 100 L, containing 10ϫ reverse transcription buffer, 25ϫ deoxynucleotide triphosphates, 10ϫ reverse transcription random primers, and 50 U/L MultiScribe reverse transcriptase. Incubation in a GenAmp PCR System 9600 thermal cycler was performed in two steps: 10 min at 25°C, followed by 120 min at 37°C.
Quantitative real-time PCR analysis was performed by use of a PE Applied Biosystems 5700 Sequence Detection System (Applied Biosystems).
To determine the amount of cDNA, we used the PLAC1 and hPL loci. Every sample was tripled tested for each gene in different tubes. The hPL locus was used as a positive control. The primer and probe combinations for PLAC1 (5 ) and hPL (6 ) are listed in the Data Supplement that accompanies the online version of this Technical Brief at http://www.clinchem.org/content/vol51/issue1/.
Calibration curves for PLAC1 quantifications used 1 ϫ 10 7 to 1 ϫ 10 1 copies of single-stranded synthetic DNA oligonucleotides (Proligo, CELBIO) specifying the PLAC1 amplicon. Concentrations were expressed as copies/mL of cDNA. The sequence of the synthetic DNA oligonucleotide for PLAC1 calibration was 5Ј-GATCCTCCTCACC-TCTGCGTTTTCAGCCGGTTCAGGACAAAGTCCAAT-GACTGTGCTGTGCTCCATAGACTGGT-3Ј.
A calibration curve for hPL quantification was prepared as described above, with the sequence of the synthetic DNA oligonucleotide being 5Ј-TGCGGAGCAGCTCTA-GATTGGATTTCTGTTGCGTTTCCTCCATGTTGGAGG-GTGTCGGAATAGAGTCTGAGAAGCAGAAGGAGGT-CTGGGAGTCATGC-3Ј (6 ) .
For the PCR analysis, 50 L of reaction volume contained 17.5 L of cDNA. The reaction mixture contained the amplification primer (400 nM for PLAC1 and 300 nM for hPL), the dual-labeled probe (100 nM for both genes), and the necessary components provided in the TaqMan Universal PCR Master Mix (Applied Biosystems). This corresponded to 1.25 U of AmpliTaq Gold DNA Polymerase; 0.5 U of AmpErase Uracil N-Glycosylase; 200 M each of dATP, dCTP and dGTP; 400 M dUTP; 10ϫ TaqMan Buffer A; and 25 mM MgCl 2 . Buffer A contains Passive Reference I for signal normalization in all TaqMan reactions. Each sample was analyzed in triplicate, and the means were used for calculations.
The thermal profiles were obtained by use of a 2-min incubation at 50°C, followed by an initial 10-min denaturation step at 95°C and by 40 cycles of 1 min each at 56°C plus 20 s at 95°C.
The clinical variables and PLAC1 mRNA data are summarized in Table 1 of the online Data Supplement. The data stratified according to estimated amount of bleeding and gestational age at the time of blood collection are shown in Table 1 .
Median (range) PLAC1 mRNA values were 356 (2.42-16 237) copies/mL for the controls and 42 (10.72-281.78) copies/mL for the cases. Five cases with a median gestational age of 65 (49 -70) days had much lower PLAC1 values than 23 controls with a median gestational age of 73 (49 -75) days (P ϭ 0.002). On the other hand, 5 affected cases with a median gestational age of 121 (105-126) days had a median PLAC1 value very similar to that observed for 43 controls [86 (78 -91) days; Fig. 1 ]. This result could be consistent with the role of PLAC1 in early trophoblast development.
PLAC1 mRNA displayed a wider distribution in controls than in cases. We also stratified the series according to fetus gender because PLAC1 gene maps on X chromosome (region Xq26) (5, 7 ). We found no statistical difference for male and female fetuses, even when females showed slightly higher mRNA expression ( Table 2 of the online Data Supplement).
As shown in Table 1 , vaginal bleeding and/or number of previous bleeding episodes do not correlate with PLAC1 concentration. This could be related to the fact that the mRNA concentration is a real-time marker for cellular damage, as has been reported previously for fetal DNA.
When vaginal bleeding occurs, some kind of vascular disruption of the maternal-fetal interface resulting from abnormal or delayed placental differentiation may be hypothesized. The vascular injury has been reported to be so minimal that it cannot be detected by Doppler ultrasound (8 ) , but such an event affects the maternal serum concentration of proteins produced by the placenta and the fetus (9, 10 ) . Numerous factors, among them decidualized endometrium and the trophoblast itself, have been implicated in the regulation of extravillous trophoblast maturation. Subsequent development of the placenta depends on the proliferation, migration, and invasion of fetal trophoblast cells into the maternal uterus, by means of a dynamic change in gene expression (11 ) . Interestingly, it is likely that the genes involved in preeclampsia belong to those important for implantation and maintenance of pregnancy, Specific gene products, as well as PLAC1, can provide a useful model to investigate whether some abnormal placental developments can be related to lower mRNA expression. It must be stressed, however, that vaginal bleeding may indicate an underlying placental dysfunction (which might subsequently lead to miscarriage, preeclampsia, fetal growth restriction, or preterm delivery) that manifests later throughout the pregnancy and is associated with higher fetal cells and/or free nucleic acids passage into the maternal circulation, a condition that might affect mRNA quantification. We Our data are the first clinical evidence of a correlation between mRNA for a trophoblast-specific gene and vaginal bleeding. This evidence is in agreement with all reports describing how such pregnancies are at higher risk of adverse obstetric outcomes, including preeclampsia, intrauterine growth restriction, preterm delivery, or placental abruption, all associated with abnormal placentation that could start at the early stages of pregnancy.
In conclusion, the concentration of mRNA for the PLAC1 gene in maternal blood is lower in cases affected by early vaginal bleeding before 10 weeks of gestation with a viable embryo but not at 15-18 weeks. Such results are indicative of a role of PLAC1 in the regulation of a normal fetal-maternal interface during the early stages of human fetal development. This work was supported by Fondazione CARISBO Progetto triennale-Molecular Genetics of fetal DNA, Italy (Ex 60% to A.F., Ex 60% to P.C.). We thank Brenda Wilmoth Lerner for reviewing the manuscript.
